We have compared two hyperbaric bupivacaine solutions for spinal anaesthesia in 7-18-yr-old school-aged children in a double-blind, randomized, parallel group, prospective study. Children were premedicated with diazepam orally. Half of the patients were sedated with either midazolam or thiopental. After lumbar puncture with a 27-gauge spinal needle, bupivacaine 5 mg ml -1 in either 0.9% or 8% glucose was injected in a dose of 0.3 mg kg -1 . Maximum cephalad spread and regression of block were tested by transcutaneous electrical stimulation. Success rate, spread and duration of sensory block were similar in both groups. The highest median level of sensory block was T4 (10-90th percentiles T1-T7) in the 0.9% glucose group and T4 (T1-T5) in the 8% glucose group. Time to two segment regression of block was 83 (50-143) min in the 0.9% glucose and 85 (53-150) min in the 8% glucose group. The incidence of adverse effects was similar. Six children were given etilefrin to treat hypotension and six atropine for bradycardia. Nausea was associated with a high level of block. Shivering was detected in 16 children.
Spinal anaesthesia is popular in both small children 1 and ity of spinal block. 4 6 Different hyperbaric bupivacaine solutions have not been compared previously in children. elderly people but less attention has been paid to schoolIn this study, we have evaluated the role of baricity in age children. In Kuopio University Hospital, spinal anaesblock characteristics. Two different hyperbaric bupivacaine thesia has been used in 5000 paediatric patients over the solutions (0.9% glucose and 8% glucose) were compared. past 10 yr. Spinal anaesthesia produces rapid onset, profound and uniformly distributed analgesia with good neuromuscu-
Patients and methods
lar block. The amide local anaesthetics (bupivacaine and lidocaine) are used regularly, and spinal anaesthesia allows The study was approved by our Ethics Committee and was the use of a small dose with a low risk of systemic toxicity. conducted in accordance with the Declaration of Helsinki.
Baricity (weight of anaesthetic solution in relation to Both children and parents gave informed consent. We weight of cerebrospinal fluid (CSF)) is one of the most studied 107 children, ASA I-II, aged 7-18 yr, undergoing important factors claimed to influence distribution of local day-case surgery below the umbilicus. Patients with a anaesthetic solutions in CSF. 2 Solutions administered most known contraindication to spinal puncture, such as increased frequently are hyperbaric 3 as they produce more predictable intracranial pressure, haemorrhagic diathesis or infection at block in both adults 4 and children. 5 Spinal anaesthetic the puncture site, were excluded. Children with a neurosolutions are rendered hyperbaric by adding glucose. How-logical disorder, or allergy to bupivacaine or other local ever, commercially marketed solutions contain 8% glucose anaesthetics were also excluded. Data were collected giving a density far in excess of that required to render between December 1997 and February 1999 and some of them hyperbaric.
the results of these patients have already been published. 7 Studies in adults have found that addition of a small
We used a double-blind, randomized, parallel group, amount of glucose to increase the baricity of bupivacaine prospective study design. Patients were allocated randomly (computer-generated) to receive spinal anaesthesia with solution just into the hyperbaric range improved predictabil-either bupivacaine 5 mg ml -1 in 8% glucose (Marcain If there were signs of inadequate spread or duration of spinal anaesthesia in relation to the operation performed, Spinal, Astra, Södertelje, Sweden) (bupivacaine-8% glucose group) or bupivacaine 5 mg ml -1 in 0.9% glucose (bupiva-fentanyl 1 µg kg -1 i.v. was given for supplementary analgesia. The cases were recorded. caine-0.9% glucose group). The dose of 0.3 mg kg -1 was based on our previous study of spinal anaesthesia in An electric stimulator (Microstim Plus, Neuro Technology, Houston, TX, USA) was used to evaluate the width children. 5 Commercial ampoules of hyperbaric bupivacaine 5 mg ml -1 (in 8% glucose) and isobaric bupivacaine of the analgesic area, 15 and 30 min after injection of the anaesthetic. The metal electrodes of the device were moved 5 mg ml -1 (in normal saline) with erased drug names were prepared and coded in the hospital pharmacy. Their identical in a rostral direction along the surface of the trunk using continuous high-frequency stimulation (50 Hz, pulse width appearance allowed blinding of the study. Local anaesthetic (4 ml) from a coded ampoule was mixed with 0.5 ml of 0.2 ms, amplitude 30-60 mA) until the child reported mild pain, indicating the upper border of the analgesic area. hyperbaric bupivacaine. If the coded ampoule contained hyperbaric bupivacaine, mixing resulted in bupivacaine in Amplitude was adjusted to the lowest level so that the response could just be elicited. The procedure was repeated 8% glucose; if the coded ampoule contained isobaric bupivacaine, this resulted in bupivacaine in 0.9% glucose. until the level of the first painful segment was confirmed.
Motor block was assessed using a modified Bromage scale The baricity of bupivacaine in 8% glucose was 1.025 and that of bupivacaine in 0.9% glucose 1.005 at room recording the child's ability to flex the ankle, knee and hip (0ϭno motor block, 3ϭcomplete motor block of the legs temperature.
Children were not allowed solid food for 6 h but clear and feet). After operation, children were transferred to the postfluids were allowed up to 2 h before induction of anaesthesia. Each child was premedicated with diazepam 0.5 mg kg -1 anaesthesia care unit (PACU) for continuous monitoring of vital signs and regression of block. Regression of sensory orally, up to a maximum dose of 10 mg. EMLA cream was used at the lumbar and venepuncture sites. An infusion of block by two segments was tested every 5 min and the time recorded. If the child was in pain, fentanyl 1 µg kg -1 0.9% saline was given at a rate of 5-10 ml kg -1 h -1 . Ketoprofen 2 mg kg -1 i.v. or rectal paracetamol 40 mg kg -1 , i.v. was given and the time recorded.
Patients were discharged when they were awake, able to or both, were given for pre-emptive pain treatment.
Intraoperative monitoring consisted of non-invasive arter-walk unaided, had stable vital signs for at least 1 h, had no pain or only mild pain, had no nausea, retching or vomiting, ial pressure measurements every 5 min, continuous ECG, ventilatory frequency, peripheral arterial oxygen saturation and were able to tolerate clear fluids. Time to discharge was measured from spinal puncture to actual discharge and end-tidal carbon dioxide concentration using a nasal adapter. Appropriate treatment was given if systolic arterial from the hospital/PACU. After operation (at home) children were prescribed ibuprofen tablets 40 mg kg -1 day -1 in four pressure or heart rate decreased to less than 75% of baseline. All adverse effects were recorded. divided doses. Parents were encouraged to give ibuprofen on the first night and first postoperative day, even if the Midazolam 0.03-0.05 mg kg -1 or thiopental 1-3 mg kg -1 i.v. were used for sedation in children who felt uncomfort-child did not seem to be in pain. Later parents were told to give analgesics on an 'as required' basis. Follow-up of the able after premedication or during operation, or expressed a wish. Sedation was used in 53 children (thiopental in 30 children at home was recorded using a diary.
Power analysis suggested that 48 children were required and midazolam in 23 children) with similar distributions in both groups. All sedated children were administered oxygen in each group for a 90% chance at the 0.05 level of significance of detecting a 10% difference in success rate and monitored closely by the anaesthetist or anaesthetic nurse.
between groups. Categorical data were tested using the chisquare test. For continuous data the Mann-Whitney test Lumbar puncture was performed in the lateral decubitus position using a midline approach at the L3-4 or L4-5 was used. Association between independent variables was tested by linear regression analysis. Results are presented interspace. Standard 27-gauge, 90-mm long spinal needles (Yale, Becton Dickinson, Meylan, Spain or Pencan, B Braun, as median (10-90th percentiles), number (%) of cases or the square of the correlation coefficient (r 2 ) with 95% Mellsungen, Germany) were used for spinal puncture. The bevel and orifice of the needle were facing laterally, parallel confidence intervals (CI), as appropriate. The level of statistical significance was set as PϽ0.05. to the longitudinal dural fibres. Correct placement was verified by free aspiration of CSF. After injection of local anaesthetic, free aspiration of CSF was verified again and
Results
the child was placed in the supine, horizontal position. During spinal puncture the following variables were Patient data (Table 1 ) and the characteristics of spinal puncture were comparable between groups (Table 2) . Orthorecorded: interspace used; number of skin punctures; need for redirection of needle; degree of difficulty of CSF paedic surgery was performed in 84 children; 23 underwent urological surgery, herniotomy, orchidopexy or circumaspiration (1ϭeasy, 2ϭdifficult, 3ϭimpossible); and time to complete the block.
cision.
Spinal anaesthesia in children Children were discharged after a median time of 237 min in the bupivacaine-0.9% glucose group and after 240 min in the bupivacaine-8% glucose group (Table 4 ). In both The success rate of spinal block was high in both groups groups there was a similar positive correlation between the with no differences between groups (Table 3) . Four children age of the child and time to discharge from hospital: r 2 ϭ required supplementation with fentanyl 1 µg kg -1 , three 0.22, timeϭ97ϩ1.0ϫ(age in months), CI for bϭ0.47-1.5) in the bupivacaine-0.9% glucose group and one in the in the bupivacaine-0.9% glucose group; and r 2 ϭ 0.18, bupivacaine-8% glucose group. timeϭ97ϩ0.97ϫ(age in months), CI for bϭ0.36-1.6 in There was a similar variation in cephalad spread of bupivacaine-8% glucose group. sensory block in both groups (Table 4) . Maximum extent Post-dural puncture headache occurred in three children of block was independent of age, weight, height or interspace in the bupivacaine-0.9% glucose group and in one child in used for spinal puncture.
the bupivacaine-8% glucose group. All four had mild Regression of block was similar in both groups. Regres-symptoms which resolved in 1 or 2 days. sion of sensory block by two segments correlated with the age of the child in the bupivacaine-8% glucose group (r 2 ϭ Discussion 0.21, timeϭ1.7ϩ0.6ϫ(age in months); CI for bϭ0.20-0.98), but not in the bupivacaine-0.9% glucose group.
We have compared the anaesthetic effects of bupivacaine 5 mg ml -1 in 0.9% and in 8% glucose solutions. Thus Rescue analgesics were administered to 42 children in the PACU: 25 (49%) in the bupivacaine-8% glucose group baricity was the main factor responsible for differences in spinal block. In agreement with the findings of Wildsmith and 17 (31%) in the bupivacaine-0.9% glucose group. Time to the first dose of analgesic was similar in both groups and co-workers, 4 6 observed in adults, a slightly hyperbaric bupivacaine solution produced a predictable sensory block (Table 4) .
There were no differences between groups in the incid-but the spread of the block did not show the narrow range observed in adults. In this study, the success rate of spinal ence of adverse effects (Table 5) . Six children were given anaesthesia with bupivacaine in 8% glucose was high as References only one child required fentanyl and sedation to complete duration of anaesthesia and analgesia in children. 5 However, 1994; 281-317 it is important to adjust the amplitude to the lowest possible bupivacaine containing 0.9% glucose produced a similar Mediglobe SA, 1990; 119-25 spinal anaesthesia in school-age children as bupivacaine in 11 Leslie K, Sessler DI. Reduction in the shivering threshold is 8% glucose. Spinal anaesthesia was associated with a high proportional to spinal block height. Anesthesiology 1996; 84: 1327-31 success rate and relatively low incidence of adverse effects.
